INTRODUCTION
Magdent has revolutionized the world of dental implants by utilizing pulse electromagnetic field (PEMF) technology to stimulate bone formation around dental implants. For the first time, dentists can actively shorten and improve the osseointegration process and reduce healing time.
Magdent has harnessed pulse electromagnetic fields (PEMF), a well-known and clinically proven treatment method commonly used in orthopedics to develop the Magdent-MED, a Miniaturized Electromagnetic Device, which is small enough to fit inside a dental implant and is shaped like a regular healing abutment.
Pulsed electromagnetic fields (PEMF) stimulate and enhance the formation of osteoblast cells, leading to regeneration of bone mass at a faster rate and with higher density. The overall success and predictability of dental implant treatment hinge on the primary stability, direct bone-to implant contact formation, and quantity and/or quality of residual bone. A pulsed electromagnetic field has been reported to increase bone regeneration in various clinical situations. Therefore, it was hypothesized that a device which can locally generate a pulsed electromagnetic field would stimulate bone healing and increase bone density surrounding implants.
THE "Magdent
OBJECTIVE: To retrospectively assess the effects of the miniaturized electromagnetic device (MED) on implant stability for the first time in human subjects, in a prospective case controlled series.
METHODS: Twelve patients (28 implants) were included in the study.Twelve MED healing caps and 16 regular control healing caps were inserted. Resonance frequency analysis (RFA) was performed at implant placement and abutment connection and an implant stability quotient value was attributed to each implant. OBJECTIVE: In the present study, a new healing cap that generates a pulsed electromagnetic field (PEMF) around titanium implants to stimulate peri-implant osteogenesis was tested in a rabbit model.
RESULTS

MATERIALS AND METHODS:
A total of 22 implants were inserted in the proximal tibial metaphysis of 22 rabbits. A healing cap containing the active device was inserted in half of the implants (11 test implants); an "empty" healing cap was inserted in the other ones (11 control implants). The animals were euthanized after 2 and 4 weeks, and the samples were processed for micro-computed tomography and histology. The peri-implant volume was divided into coronal (where the PEMF was the strongest) and apical regions.
RESULTS:
Most of the effects of the device were confined to the coronal region. Two weeks post-implantation, test implants showed a significant 56% higher trabecular bone fraction (BV/TV), associated with enhanced trabecular number (Tb.N, +37%) and connectivity density (Conn.D, +73%) as compared to the control group; at 4 weeks, the PEMF induced a 69% increase in BV/TV and 34% increase of Tb.N. There was no difference in the trabecular thickness (Tb.Th) at either time point.
Furthermore, we observed a 48% higher bone-to-implant contact (BIC) in the test implants vs. controls after 2 weeks; this increase tended to remain stable until the fourth week. Mature trabecular and woven bone were observed in direct contact with the implant surface with no gaps or connective tissue at the bone-implant interface.
CONCLUSIONS:
These results indicate that the PEMF device stimulated early bone formation around dental implants resulting in higher peri-implant BIC and bone mass as early as 2 weeks post-implantation which suggests an acceleration of the osseointegration process by more than three fold. Pulsed electromagnetic fields (PEMFs) have been considered a potential treatment modality for fracture healing; however, their action mechanism remains unclear. Mammalian targets of rapamycin (mTOR) signaling may affect osteoblast proliferation and differentiation. This study assessed the osteogenic differentiation of mesenchymal stem cells (MSCs) under PEMF stimulation and the potential involvement of the mTOR signaling pathway in this process. PEMFs were generated by a novel miniaturized electromagnetic device. Potential changes in the expression of mTOR pathway components, including receptors, ligands and nuclear target genes, and their correlation with osteogenic markers and transcription factors were analyzed. Involvement of the mTOR pathway in osteogenesis was also studied in the presence of proinflammatory mediators.
PEMF exposure increased cell proliferation and adhesion and the osteogenic commitment of MSCs even in inflammatory conditions. Osteogenic-related genes were over-expressed following PEMF treatment. Our results confirm that PEMFs contribute to activation of the mTOR pathway via upregulation of the proteins AKT, MAPP kinase, and RRAGA, suggesting that activation of the mTOR pathway is required for PEMF-stimulated osteogenic differentiation. Our findings provide insights into how PEMFs influence osteogenic differentiation in normal and inflammatory environments. Pulsed electromagnetic fields (PEMFs) have been considered a potential treatment modality for fracture healing, however, the mechanism of their action remains unclear. Mammalian target of rapamycin (mTOR) signaling may affect osteoblast proliferation and differentiation. This study aimed to assess the osteogenic differentiation of mesenchymal stem cells (MSCs) under PEMF stimulation and the potential involvement of mTOR signaling pathway in this process. PEMFs were generated by a novel miniaturized electromagnetic device. Potential changes in the expression of mTOR pathway components, including receptors, ligands and nuclear target genes, and their correlation with osteogenic markers and transcription factors were analyzed. Involvement of the mTOR pathway in osteogenesis was also studied in the presence of proinflammatory mediators. PEMF exposure increased cell proliferation and adhesion and the osteogenic commitment of MSCs even in inflammatory conditions. Osteogenic-related genes were over-expressed following PEMF treatment. Our results confirm that PEMFs contribute to activation of the mTOR pathway via upregulation of the proteins AKT, MAPP kinase, and RRAGA, suggesting that activation of the mTOR pathway is required for PEMF-stimulated osteogenic differentiation. Our findings provide insights into how PEMFs influence osteogenic differentiation in normal and inflammatory environments.
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The fracture sites of group A only were exposed to pulsed electromagnetic fields (PEMF) 2 hours daily for 12 days, 2 weeks postoperatively to MMF removal. For group B (control group), the MMF was removed 4 weeks postoperatively. The effectiveness of the 2 treatment modalities was evaluated clinically and radiographically using computerized densitometry.
RESULTS:
After releasing the MMF, a bimanual mobility test of the fractured segments showed stability of the segments in all cases. There was no significant difference between the mean bone density values of the 2 groups for any of the study intervals. In contrast, the percentage of changes in bone density of the 2 groups revealed that group A had non-significant decreases at the 15th postoperative day and a significant increase 30 days postoperatively compared to group B.
CONCLUSIONS: PEMF stimulation may have a beneficial effect on the healing of mandibular fractures treated with closed reduction. However, additional research, using randomized controlled trials, should be conducted to ascertain its effectiveness compared to other treatment modalities.
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PURPOSE:
The aim of the present study was to evaluate the effect of a pulsed electromagnetic field on the healing of mandibular fractures. Pulsed electromagnetic fields have been shown to accelerate healing of fractures of the long bones.
PATIENTS AND METHODS:
A total of 12 patients with mandibular fractures were selected for the present study. Each patient was treated by closed reduction using maxillomandibular fixation (MMF) and was assigned into 1 of 2 equal groups. The fracture sites of group A only were exposed to pulsed electromagnetic fields (PEMF) 2 hours daily for 12 days, after 2 weeks postoperatively the MMF was removed. For group B (control group), the MMF was removed at 4 weeks postoperatively. The effectiveness of the 2 treatment modalities was evaluated clinically and radiographically using computerized densitometry. The data were statistically analyzed.
RESULTS:
After releasing the MMF, a bimanual mobility test of the fractured segments showed stability of the segments in all cases. An insignificant difference was found between the mean bone density values of the 2 groups at all study intervals. In contrast, the percentage of changes in bone density of the 2 groups revealed that group A had insignificant decreases at the 15th postoperative day and a significant increase 30 days postoperatively compared with group B.
CONCLUSIONS:
From the present limited series of patients, PEMF stimulation might have a beneficial effect on the healing of mandibularfractures treated with closed reduction. However, additional research, using randomized controlled trials, should be conducted to ascertain its effectiveness compared with other treatment modalities.
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The aim of the present study was to evaluate the effect of a pulsed electromagnetic field on healing of mandibular fractures. Pulsed electromagnetic fields have been shown to accelerate healing of ctures of the long bones.
TIENTS AND METHODS:
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USIONS:
From the present limited series of patients, PEMF stimulation might have a l effect on the healing of mandibularfractures treated with closed reduction. However, additional using randomized controlled trials, should be conducted to ascertain its effectiveness compared with tment modalities.
PATIENTS AND METHODS:
RESULTS:
After releasing the MMF, a bimanual mobility test of the fractured segments showed stability of the segments in all cases. An insignificant difference was found between the mean bone density values of the 2 groups at all study intervals. In contrast, the percentage of changes in bone density of the 2 groups revealed that group A had insignificant decreases at the 15th postoperative day and a significant increase 30 days postoperatively compared with group B. Bone fractures are one of the most commonly occurring injuries of the musculoskeletal system. A highly complex physiological process, fracture healing has been studied extensively. Data from in-vivo, in-vitro and clinical studies, have shown pulsed electromagnetic fields(PEMFs) to be highly influential in the fracture repair process. Although the underlying mechanisms acting to either inhibit or advance the physiological processes are yet to be defined conclusively, several non-invasive point of use devices have been developed for the clinical treatment of fractures. Given the complexity of the repair process, involving many components acting at different time steps, it has been a challenge to determine which PEMF exposure parameters (i.e., frequency of field, intensity of field and dose) will produce the most optimal repair. In addition, the development of an evidence-backed device comes with challenges of its own, since many elements (including process of exposure, construct materials and tissue densities) impact the field exposed. The objective of this review is to provide a broad assessment of the applications of PEMFs in bone fracture repair and to then show what is further required for enhanced therapeutic outcomes.
CONCLUSIONS:
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Bone fractures are one of the most commonly occurring injuries of the musculoskeletal system. A highly complex physiological process, fracture healing has been studied extensively. Data from in vivo, in vitro and clinical studies, have shown pulsed electromagnetic fields(PEMFs) to be highly influential in the fracture repair process. Whilst the underlying mechanisms acting to either inhibit or advance the physiological processes are yet to be defined conclusively, several non-invasive point of use devices have been developed for the clinical treatment of fractures. With the complexity of the repair process, involving many components acting at different time steps, it has been a challenge to determine which PEMF exposure parameters (i.e., frequency of field, intensity of field and dose) will produce the most optimal repair. In addition, the development of an evidencebacked device comes with challenges of its own, with many elements (including process of exposure, construct materials and tissue densities) being highly influential to the field exposed. The objective of this review is to provide a broad recount of the applications of PEMFs in bone fracture repair and to then demonstrate what is further required for enhanced therapeutic outcomes. 
Underlying Signaling Pathways and Therapeutic Applications of Pulsed Electromagnetic Fields in Bone Repair
Yuan 
derlying Signaling Pathways and Therapeutic Applications of Pulsed Electromagnetic Fields in Bone Repair.
Yuan J, Xin F, Jiang W. Cell Physiol Biochem. 2018;46(4):1581-1594 tic field (PEMF) stimulation, as a prospective, noninvasive, and safe tegy to accelerate bone repair has received tremendous attention in recent decades. Physical nitiates the signaling cascades, which effectively promote osteogenesis and angiogenesis in tiotemporal manner and ultimately enhance the self-repair capability of bone tissues. rch progresses have been made in exploring the underlying cellular and subcellular F promotion effect in bone repair. Moreover, the promotion effect has shown strikingly the treatment of various skeletal diseases. However, many preclinical and clinical efficacy re still needed to make PEMFs more effective and extensive in clinical application. In fly introduce the basic knowledge of PEMFs on bone repair, systematically elaborate several ays involved in PEMFs-induced bone repair, and then discuss the therapeutic applications of combination with other available therapies in bone repair, and evaluate the treatment effect mmarizing recent literature. OBJECTIVES: Pulsed electromagnetic field (PEMF) stimulation was evaluated after anterior cervical discectomy and fusion (ACDF) procedures in a randomized, controlled clinical study performed for United States Food and Drug Administration (FDA) approval. PEMF significantly increased fusion rates at six months, but 12-month fusion outcomes for subjects at elevated risk for pseudoarthrosis were not thoroughly reported. The objective of the current study was to evaluate the effect of PEMF treatment on subjects at increased risk for pseudoarthrosis after ACDF procedures.
METHODS:
Two evaluations were performed that compared fusion rates between PEMF stimulation and a historical control (160 subjects) from the FDA investigational device exemption (IDE) study: a post hoc (PH) analysis of high-risk subjects from the FDA study (PH PEMF), and a multicenter, open-label (OL) study consisting of 274 subjects treated with PEMF (OL PEMF).
Fisher's exact test and multivariate logistic regression were used to compare fusion rates between PEMF-treated subjects and the historical controls.
RESULTS:
In separate comparisons of the PH PEMF and OL PEMF groups to the historical control group, PEMF treatment significantly (p < 0.05, Fisher's exact test) increased the fusion rate at six and 12 months for certain high-risk subjects who had at least one clinical risk; namely, age >50 or>65, a nicotine user, osteoporotic, or diabetic and for those with at least one clinical risk factor who had at least a two-or three-level arthrodesis.
CONCLUSION: Adjunctive PEMF treatment can be recommended for patients who are at high risk for pseudoarthrosis.
Pulsed electromagnetic field stimulation may improve fusion rates in cervical arthrodesis in high-risk populations.
Pre-Clinical Studies -PEMF (Pulsed Electromagnetic Field) in Diabetes 11   Table II . Fusion rates bby risk factor (nicotine use, osteoporosis, diabetes, and either age > 65 or > 50 years) Human bone marrow-derived mesenchymal stem cells (hBM-MSCs) are considered to hold great promise for bone repair and regeneration. Numerous efforts have been devoted to uncovering the best strategy to promote stem cells osteogenic differentiation. In previous studies, hBM-MSCs exposed to physical stimuli such as pulsed electromagnetic fields (PEMFs) or directly seeded on nanostructured titanium surfaces (TiO2) were shown to improve their differentiation to osteoblasts in osteogenic conditions. In the present study, the effect of daily PEMF-exposure on osteogenic differentiation of hBM-MSCs seeded onto nanostructured TiO2 (with clusters under 100 nm of dimension) was investigated. TiO2-seeded cells were exposed to PEMF (magnetic field intensity: 2 mT; intensity of induced electric field: 5 mV; frequency: 75 Hz) and examined in terms of cell physiology modifications and osteogenic differentiation. Results showed that PEMF exposure affected TiO2- Human bone marrow-derived mesenchymal stem cells (hBM-MSCs) are considered a great promise in the repair and regeneration of bone. Considerable efforts have been oriented towards uncovering the best strategy to promote stem cells osteogenic differentiation. In previous studies, hBM-MSCs exposed to physical stimuli such as pulsed electromagnetic fields (PEMFs) or directly seeded on nanostructured titanium surfaces (TiO2) were shown to improve their differentiation to osteoblasts in osteogenic condition. In the present study, the effect of a daily PEMF-exposure on osteogenic differentiation of hBM-MSCs seeded onto nanostructured TiO2 (with clusters under 100 nm of dimension) was investigated. TiO2-seeded cells were exposed to PEMF (magnetic field intensity: 2 mT; intensity of induced electric field: 5 mV; frequency: 75 Hz) and examined in terms of cell physiology modifications and osteogenic differentiation. Results showed that PEMF exposure affected TiO2seeded cells osteogenesis by interfering with selective calcium-related osteogenic pathways, and greatly enhanced hBM-MSCs osteogenic features such as the expression of early/late osteogenic genes and protein production (e.g., ALP, COL-I, osteocalcin and osteopontin) and ALP activity. Finally, PEMF-treated cells resulted to secrete into conditioned media higher amounts of BMP-2, DCN and COL-I than untreated cell cultures. These findings confirm once more the osteoinductive potential of PEMF, suggesting that its combination with TiO2 nanostructured surface might be a great option in bone tissue engineering applications. Human bone marrow-derived mesenchymal stem cells (hBM-MSCs) are considered a great promise in the repair and regeneration of bone. Considerable efforts have been oriented towards uncovering the best strategy to promote stem cells osteogenic differentiation. In previous studies, hBM-MSCs exposed to physical stimuli such as pulsed electromagnetic fields (PEMFs) or directly seeded on nanostructured titanium surfaces (TiO2) were shown to improve their differentiation to osteoblasts in osteogenic condition. In the present study, the effect of a daily PEMF-exposure on osteogenic differentiation of hBM-MSCs seeded onto nanostructured TiO2 (with clusters under 100 nm of dimension) was investigated. TiO2-seeded cells were exposed to PEMF (magnetic field intensity: 2 mT; intensity of induced electric field: 5 mV; frequency: 75 Hz) and examined in terms of cell physiology modifications and osteogenic differentiation. Results showed that PEMF exposure affected TiO2seeded cells osteogenesis by interfering with selective calcium-related osteogenic pathways, and greatly enhanced hBM-MSCs osteogenic features such as the expression of early/late osteogenic genes and protein production (e.g., ALP, COL-I, osteocalcin and osteopontin) and ALP activity. Finally, PEMF-treated cells resulted to secrete into conditioned media higher amounts of BMP-2, DCN and COL-I than untreated cell cultures. These findings confirm once more the osteoinductive potential of PEMF, suggesting that its combination with TiO2 nanostructured surface might be a great option in bone tissue engineering applications. Our results showed that PEMF and dexamethasone respectively increased and decreased the proliferation of MC3T3-E1 osteoblasts, and that PEMF eliminated the effect of dexamethasone on MC3T3-E1 osteoblasts. Moreover, dexamethasone combined with PEMF upregulated the mRNA expression of IGF-1 at the early stage after the stimulation of PEMF and enhanced the decrease of COX-2 mRNA expression induced by dexamethasone in the late stage after the stimulation of PEMF. PEMF may be beneficial to remedying dexamethasone-induced bone loss and osteoporosis. The effects of exogenous pulsed electromagnetic field (PEMF) stimulation on T1DM-associated osteopathy were investigated in alloxan-treated rabbits. We found that PEMF improved bone architecture, mechanical properties, and porous titanium (pTi) osseointegration by promoting bone anabolism through a canonical Wnt/β-catenin signaling-associated mechanism, and revealed the clinical potential of PEMF stimulation for the treatment of T1DM-associated bone complications.
INTRODUCTION:
Type 1 diabetes mellitus (T1DM) is associated with deteriorating bone architecture and impaired osseous healing potential; nonetheless, but effective methods for resisting T1DM-associated osteopenia/osteoporosis and promoting bone defect/fracture healing are still lacking. PEMF, as a safe and noninvasive method, has proven to be effective for promoting osteogenesis, whereas the potential effects of PEMF on T1DM osteopathy remain poorly understood.
METHODS:
We investigated the effects of PEMF stimulation on bone architecture, mechanical properties, bone turnover, and its potential molecular mechanisms in alloxan-treated diabetic rabbits. We also developed novel nontoxic Ti2448 pTi implants with an elastic modulus closer to natural bone and investigated the impacts of PEMF on pTi osseointegration for T1DM bone-defect repair.
RESULTS:
The deteriorations of cancellous and cortical bone architecture and tissue-level mechanical strength were attenuated by 8-week PEMF stimulation. PEMF also promoted osseointegration and stimulated more adequate bone ingrowths into the pore spaces of pTi in T1DM long-bone defects. Moreover, T1DM-associated reduction of bone formation was significantly attenuated by PEMF, whereas PEMF had no impacts on bone resorption. We also found PEMFinduced activation of osteoblastogenesis-related Wnt/β-catenin signaling in T1DM skeletons, but PEMF did not alter osteoclastogenesis-associated RANKL/RANK signaling gene expression.
CONCLUSION: PEMF improved bone architecture, mechanical properties, and pTi osseointegration by promoting bone anabolism through a canonical Wnt/β-catenin signaling-associated mechanism. This study enriches our basic knowledge of skeletal sensitivity in response to external electromagnetic signals, and also paves the way for new treatment alternatives for T1DM-associated osteopenia/osteoporosis and osseous defects in an easy and highly efficient manner.
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Pre-Clinical Studies -PEMF (Pulsed Electromagnetic Field) in Diabetes
Pulsed electromagnetic fields preserve bone architecture and mechanical properties and stimulate porous implant osseointegration by promoting bone anabolism in type 1 diabetic rabbits.
Cai J, Li W, Sun T, Li X, Luo E, Jing D. Osteoporos Int. 2018 May;29(5):1177-1191.
The effects of exogenous pulsed electromagnetic field (PEMF) stimulation on T1DM-associated osteopathy were investigated in alloxan-treated rabbits. We found that PEMF improved bone architecture, mechanical properties, and porous titanium (pTi) osseointegration by promoting bone anabolism through a canonical Wnt/βcatenin signaling-associated mechanism, and revealed the clinical potential of PEMF stimulation for the treatment of T1DM-associated bone complications. INTRODUCTION: Type 1 diabetes mellitus (T1DM) is associated with deteriorated bone architecture and impaired osseous healing potential; nonetheless, effective methods for resisting T1DM-associated osteopenia/osteoporosis and promoting bone defect/fracture healing are still lacking. PEMF, as a safe and noninvasive method, have proven to be effective for promoting osteogenesis, whereas the potential effects of PEMF on T1DM osteopathy remain poorly understood. METHODS: We herein investigated the effects of PEMF stimulation on bone architecture, mechanical properties, bone turnover, and its potential molecular mechanisms in alloxan-treated diabetic rabbits. We also developed novel nontoxic Ti2448 pTi implants with closer elastic modulus with natural bone and investigated the impacts of PEMF on pTi osseointegration for T1DM bone-defect repair. RESULTS: The deteriorations of cancellous and cortical bone architecture and tissue-level mechanical strength were attenuated by 8-week PEMF stimulation. PEMF also promoted osseointegration and stimulated more adequate bone ingrowths into the pore spaces of pTi in T1DM long-bone defects. Moreover, T1DM-associated reduction of bone formation was significantly attenuated by PEMF, whereas PEMF exerted no impacts on bone resorption. We also found PEMF-induced activation of osteoblastogenesis-related Wnt/β-catenin signaling in T1DM skeletons, but PEMF did not alter osteoclastogenesis-associated RANKL/RANK signaling gene expression. CONCLUSION: We reveal that PEMF improved bone architecture, mechanical properties, and pTi osseointegration by promoting bone anabolism through a canonical Wnt/β-catenin signaling-associated mechanism. This study enriches our basic knowledge for understanding skeletal sensitivity in response to external electromagnetic signals, and also opens new treatment alternatives for T1DM-associated osteopenia/osteoporosis and osseous defects in an easy and highly efficient manner. 
